The aim of this study is to investigate the effect of the hemofiltration-body surface area on mortality and morbidity during cardiopulmonary bypass (CBP). A total of 226 patients were divided into two groups as hemofiltration (HF) performed or not performed. The patients to whom hemofiltration was performed were also divided into three subgroups after the distribution analysis which was done according to body surface area. All patients were compared according to the relationship of hemofiltration-body surface area during cardiopulmonary bypass in the interms of mortality and morbidity. There was no statistically significant relationship between the subgroups according to the amount of hemofiltration by square meters (p = 0.818). There was statistically significant difference in total perfusion times and total hospital stay (p = 0.025; p = 0.038) between the subgroups which were divided by the amount of hemofiltration in square meters. As a result, no effect was observed on the mortality of the relationship between the amount of hemofiltration applied during CBP and body surface area.
Introduction
After widespread use of cardiopulmonary by-pass (CBP) in the mid-seventies, hemofiltration (HF) has become a frequently used procedure in open heart surgery. It is aimed to obtain beneficial effects of hemodilution during CBP. However, hemodilution decreases intravascular osmotic pressure and causes intersti-tial edema [1] . There is also an increase in total body fluid mass due to CPB. This excess fluid prevents normal functioning of the organs and tissues by leaking into the space between tissues [2] . Increase in the amount of total body fluid has negative effects on mortality and morbidity in the perioperative period [3] . The purpose of using hemofiltration is to reduce the volumetric load of the patient and to provide hemoconcentration in this regard. Thus, it is aimed to reduce the amount of blood and blood products transfused to the patient. According to some studies, hemofiltration applied during CPB had more significantly beneficial effects on cardiac, pulmonary, hepatic, renal, hematological and immunological functions in the postoperative period than in the groups without hemofiltration [4] [5] [6] [7] . There is no clear indication for the amount of hemofiltration applied during cardiopulmonary bypass when the current literature is searched. Patient's volume balance and intraoperative hematocrit values are determined according to the amount remaining in the venous reservoir volume. Exactly from here, the question "Is there any effective value for the hemofiltration applied to the patients" becomes a current issue.
Our purpose in this study is to study the effects of the relationship between the amount of hemofiltration applied during cardiopulmonary bypass and body surface area, on mortality and morbidity.
Material and Methods
In this study, the patients who underwent coronary artery bypass surgery between June 2009 and June 2013 at Izmir Tepecik Research and Education Hospital, were retrospectively analyzed. The other open heart surgery patients out of coronary arterial bypass grafting and the patients with missing data were excluded from the study. A total of 226 patients were divided into two groups as hemofiltration performed or not performed. The patients to whom hemofiltration was performed were also divided into three subgroups after the distribution analysis which was done according to body surface area. "Mosteller's formula" was used to calculate the body surface area (VYA (m 2 ) = ([Height (cm) × Weight (kg)]/3600) 1/2 ). A graphic was formed by calculating hemofiltration amount per square meter of 60 patients (Figure 1 ). Grouping was done regarding homogeneous distribution after graphic chart. Three subgroups were formed consisting of: Group A; 0 -299 ml of hemofiltration performed, Group B; 299 -600 ml of hemofiltration performed and Group C; 600 ml and more hemofiltration performed. Weight, body surface area, the amount of hemofiltration, the surgical operation, duration of cardiopulmonary bypass, duration of cross clamp, ejection fraction (EF), sex, age, the amount of transfused blood, the amount of postoperative drainage and duration of stay at the postoperative intensive care unit, extubation time, length of hospital stay, preoperative and postoperative hematocrit values of the patients were all recorded.
Our indication in the hemofiltration performed group due to coronary artery disease was to provide hemoconcentration after the pump in the patient group who had excess hemodilution during cardiopulmonary bypass. In patients with hematocrit value below 20% according to hematocrit follow-up during CPB, hemofiltration kit was added to cardiopulmonary bypass system and performed throughout the perfusion.
Statistical Analysis
All the analyses were done by using software packages of statistical analysis SPSS17.0. The consistency with normal distribution of the numerical variables was tested by the Kolmogorov Smirnov test. Categorical variables were described by using frequency and percentage; numerical variables were described by using mean and standard deviation, or median and minimum-maximum values. Relationship between categorical variables was investigated by Chi-square test and, the relationship between numerical variables was investigated by Spearman Correlation Analysis. Two independent median values were compared with the Mann Whitney U test, and more than two independent median values were compared with the Kruskal Wallis test. Two independent means were compared with the Student t test. Two dependent means were compared with the Dependent Sample t test. The study was conducted at 95% confidence level (p < 0.05 was accepted as statistically significant).
Findings
Demographic data and diagnostic features of patients are shown in (Table 1 ).
There was not any statistically significant difference in the two groups regarding age, median height, median weight, ejection fraction, total perfusion time, median aortic cross clamp time, amount of drainage, need for inotropic support, 
Discussion
Hemofiltration is useful for ensuring fluid hemoconcentration in the bypass cycle before the bypass is terminated. In this technique, filtration of the excess fluid of extracorporeal pump volume (combination of patient's blood and primal Kızıltepe and his colleagues separated the patients into 2 groups, they applied modified ultrafiltration with conventional ultrafiltration in one group and they did not apply ultrafiltration in the other group. They found that at the end of CPB, hematocrit and hemoglobin levels decreased due to hemodilution but hemoglobin hematocrit levels increased significantly in ultrafiltration group [8] [9]. In their study involving 8 cases of adult cardiac surgery Fujita and colleagues carried out modified hemofiltration at the end of the CPB, and reported that hematocrit and erythrocyte values were significantly increased after modified hemofiltration [10] . Sever and colleagues evaluated 27 patients who had open heart surgery in their study. They divided the patients into 2 groups, and in one group they only applied conventional ultrafiltration and in the other group they applied conventional ultrafiltration together with modified ultrafiltration. This team reported that the hematocrit levels were lower in both groups after CPB and that the hematocrit values were not significantly changed in the conventional ultrafiltration group whereas the hematocrit values were significantly increased in the modified ultrafiltration group [11] .
In this study, we found a statistically significant difference between the groups with and without hemofiltration in terms of preoperative and postoperative he- After cardiac surgery drain tube isused to prevent decompression of the mediastinum in the postoperative period and the development of life-threatening cardiac tamponade [12] . Naveed D, Khan RA, et al. [13] , published a prospective In our study, median drainage amount of 226 patients was 650 cc. In both groups, median values of the amount of drainage were determined to be 650 cc. There was no statistically significant difference in hemofiltration and non-hemofiltration groups. In subgroup analysis; In the group with 0-300 ml ultrafiltration per square meter the drainage was calculated fairly less as 625 cc, the drainage was 700 cc in the 301 -600 ml ultrafiltration group and it was 650 cc at more than 600 ml ultrafiltration group. The differences were not statistically significant (p = 0.455).
One of the important developments in cardiac anesthesia is the emergence of fast-track application as an alternative to high-dose opioid anesthesia, which has traditionally been used in open-heart surgery due to its superiority in hemodynamic stability [16] [17].
Due to the need for long-term mechanical ventilation support due to high-dose opioid use and consequently delayed extubation, delays recovery, prolongs intensive care and hospital stay. Thus, the cost of the operation increases and the circulation of patients in the clinic decrease. The "fast-track" protocol, which increases patient circulation in line with today's economic conditions and provides economic return by reducing intensive care and hospital stay, provides early extubation and mobilization without reducing patient comfort [18] . Early extubation is a key step in the "fast track" application. Early extubation is expressed as extubation in the first 5 hours after open heart surgery. The objective is a stabile patient with normal post-operative hemodynamics, spontaneous respiration has returned, and that can be extubated on demand [19] . In the study of Journois D. et al. [20] in 1996, they removed the ultrafiltration complement factors and found a decrease in the need for postoperative mechanical ventilation due to faster return to pulmonary function. Türkoz A et al. published a study in 2013 on hemodynamic parameters and pulmonary functions, and showed that pulmonary compliance increased and blood gas parameters improved rapidly in acute period in ultrafiltration group. However, there was no significant difference in the time to extubation and in the duration of intensive care stay [21] .
In our study, the time from the patient's separation from the mechanical ventilator did not differ between the hemofiltration group and the non-hemofiltration group. There was no significant difference between extubation durations in subgroup analysis (p = 0.307).
In a randomized pilot study published in 2013, the effects of hemofiltration during CBP on hospital cost were investigated. In this study, the time to extubation and the length of intensive care unit stay were taken as criteria and the value of mortality was considered important [22] . In hemofiltration group, intensive care unit stay was found to be less than control groups. The study of Zhang T and his colleagues draw attention because the number of their patients is higher than other studies [23] . They found the intensive care unit stay lesser in the ul- In our study, median intensive care unit stay was recorded as 2 days in all groups. It was found to be statistically significantly less in the hemofiltration performed group (p = 0.044). In the subgroup analysis, 2 days of intensive care unit stay was determined in all 3 groups according to the amount of hemofiltration applied per square meter and this was not statistically significant (p = 0.773). From the point of view of the hospital stay; the groups with and without hemofiltration stayed at the hospital for 8 days and this did not make statistical significance. In the subgroup analysis, 0 -300 ml per square meter hemofiltration group remained less in the hospital (7 days) than in the other groups (8 days), which was statistically significant. In this group, the duration of aortic cross and the duration of total perfusion were also found to be lesser. The shortage of hospital stay may be due to the fact that the comorbidity factors of the patients are less and the surgical procedures they are experiencing are less complicated.
When the hemofiltration during CPB and non-hemofiltration groups were assessed in terms of mortality, there was no statistically significant difference in the mortality rate though it is higher in the hemofiltration group. According to the EuroSCORE I scoring system made before the operation in terms of mortality, the high mortality prospect in the hemofiltration group was high and confirmed as expected after the operation. Therefore, it is not considered that hemofiltration is a factor affecting mortality in this group of patients, whose EuroSCORE I values are already high. Furthermore, when looking at the amount of hemofiltration-body surface area relationship, the amount of hemofiltration applied per square meter was not found to be a factor affecting the mortality when the hemofiltration subgroups were evaluated (p = 0.818).
If we look at the groups according to the amount of hemofiltration made per square meter; in the A, B, and C groups with no difference in age, sex, ejection fraction, EuroSCORE I values, preoperative hematocrit levels, and hypothermia grades, there was no difference in the time to extubation, postoperative hematocrit, intensive care stay, blood product requirement, drainage volume and mortality. In group C, the duration of hospital stay was significantly higher.
Conclusion
As a result, no effect was observed on the mortality of the relationship between the amount of hemofiltration applied during CBP and body surface area. There is still need for a prospective study on this subject. Will there be a standard amount of hemofiltration to be applied according to the body surface area?
Limitations of This Study
The small patient population and its retrospective nature are the limitations of the study.
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